The term compensation is widely used in the context of attention deficit hyperactivity disorder (ADHD), yet, it is neither defined nor theory driven. Adapting a model of psychological compensation (Bäckman and Dixon, 1992) to fit ADHD research is the aim of this review: we will (1) introduce the existing theoretical framework of psychological compensation, (2) discuss its applicability to ADHD and adapt the model to fit ADHD research, and (3) set up requirements for research on psychological compensation in ADHD. According to the framework psychological compensation can be inferred if a deficit (i.e., a mismatch between skill and environmental demand) is counterbalanced by the investment of more effort, the utilization of latent skills, or the acquisition of new skills. The framework has to be adapted because ADHD deficits are developmental and in individuals with ADHD compensation can appear independent of awareness of the deficit. A better understanding of psychological compensation in ADHD could foster diagnosis and interventions. Therefore, we suggest that future studies should follow a research design incorporating independent measures of deficit, compensation, and outcome as well as include individuals who compensate for their ADHD related deficits.
Children, adolescents, and adults with attention deficit hyperactivity disorder (ADHD) are inattentive, but also display hyperactive-impulsive behavior. For an ADHD diagnosis those core symptoms have to cause severe impairment in multiple settings (World Health Organization, 2009; American Psychiatric Association, 2013) . Although the disorder leads to academic, occupational, and social problems in children and adults (Merkt and Gawrilow, 2014) suffering from ADHD, it is not yet clear what causes ADHD. There has been a long and ongoing search for one single underlying deficit leading to ADHD symptoms to characterize individuals with ADHD. However, the group of individuals with ADHD is extremely heterogeneous. This is depicted by between-person variations of clinical presentation (Thapar et al., 2007) and by within-person variability of behavior (Castellanos and Tannock, 2002; Millenet et al., 2013) . Furthermore, not all individuals with ADHD share the same genetic polymorphisms (Thapar et al., 2007) , neurobiological (Sonuga-Barke, 2003) , and/or psychological deficits (Castellanos and Tannock, 2002) . Thus, the search for a specific marker or core deficit associated with ADHD has been unsuccessful to date (Sonuga-Barke, 2005) . Several possible explanations for this unsuccessful search for one single core deficit exist. Firstly, past research might have focused on aspects which do not represent the core deficit (e.g., deficits in the prefrontal cortex instead of deficits in subcortical functions; Halperin and Schulz, 2006) or, secondly, there might be multiple pathways leading to ADHD symptoms instead of one common core deficit (Castellanos and Tannock, 2002; Sonuga-Barke, 2005 ). Yet, another possible explanation might be psychological compensation. Psychological compensation can be inferred if a deficit (i.e., a mismatch between skill and environmental demand) is counterbalanced by the investment of more effort, the utilization of latent skills, or the acquisition of new skills (Bäckman and Dixon, 1992) , hence, a core deficit or ADHD symptoms might be hidden in research studies or everyday life.
However, most studies of psychological compensation generate hypotheses instead of testing them. Only few of these studies are theory driven or systematically investigate compensation. Instead, compensation is often used post hoc in order to discuss unexpected results (Merkt et al., 2013; Merkt and Gawrilow, 2014) . A true test of compensation, however, would require an independent measurement of deficits, potential compensatory mechanisms, and outcomes. Hence, on the basis of the literature it is impossible to draw conclusions about compensation in children, adolescents, or adults with ADHD. In fact, it is unclear how and when compensation for deficits, which are typical in individuals with ADHD, might occur. Therefore, in order to integrate the results of studies in children, adolescents, and adults with ADHD and to answer the question whether they compensate and how, a framework is required. In the following sections, we introduce a framework of psychological compensation (Bäckman and Dixon, 1992) and adapt it to fit ADHD research. Our aim is to develop a framework and to suggest consequential research designs to test for deficit and compensation in ADHD. Although we use examples to illustrate our arguments (Halperin and Schulz, 2006; Gormley et al., 2015) , we do not attempt to fill the framework with content to answer the question whether and how individuals with ADHD compensate.
FRAMEWORK OF PSYCHOLOGICAL COMPENSATION
The theoretical framework of psychological compensation (Bäckman and Dixon, 1992) has been developed predominantly on the basis of studies investigating sensory handicaps and aging. According to the model (Figure 1) there are three prerequisites of compensation. The first prerequisite is defined by a deficit or mismatch between skill and environmental demand. This occurring mismatch could either be caused by an intraindividual decline in skill (e.g., during aging) or by increasing environmental demands (e.g., a child entering school). The second prerequisite states that an individual is aware of the mismatch; and the third prerequisite requires that an individual decides to compensate. If those prerequisites for compensation are fulfilled, the mismatch between skill and environmental demand can be counterbalanced by either the investment of more time/effort (drawing on normal skills), or the utilization of latent (but normally inactive) skills, or the acquisition of new skills. This process of psychological compensation can be adaptive or maladaptive, as it might not only lead to a reduction of the mismatch between skill and environmental demand but to other consequences as well (e.g., investment of more time and effort to study leads to fewer friendships). Note, that according to this definition social support or seeking a more supportive environment is not regarded as psychological compensation, since both change (i.e., reduce) the environmental demand and thus directly affect the deficit (mismatch between skill and environmental demand).
ADAPTATIONS OF THE FRAMEWORK TO FIT ADHD Deficit
The first prerequisite of psychological compensation is the existence of a deficit that represents a mismatch between skill and environmental demand. As the impairment criterion (American Psychiatric Association, 2013) has to be met, there has to be a deficit in individuals with diagnosed ADHD. However, in disagreement with the model of Bäckman and Dixon (1992) , it is inappropriate to conceptualize the deficit in ADHD as intraindividual decline in skill or purely as a consequence of rising environmental demand. Instead, the deficit only appears if the skill is impaired or the environmental demand is high (interaction of skill and environmental demand). This is supported by theoretical assumptions and experimental findings which demonstrate that deficits in children with ADHD as compared to children without ADHD are only apparent under certain experimental conditions (Sergeant, 2005; Söderlund et al., 2010) . Yet, in studies of compensation in ADHD the deficit is usually conceptualized as low level of skill, while environmental demands are rarely measured or even manipulated. The implicit assumption underlying these studies is that every sample with ADHD shows a general deficit in skills and across environments as compared to a non-clinical control sample. However, to study compensation, we need to measure the deficit as an independent variable and be specific with regard to which skill and which environment we are referring to.
The specificity in terms of the deficit (skill and environment) we are referring to is important, as deficits in individuals with ADHD have been conceptualized at different levels (Figure 2) : at a neurobiological level (e.g., subcortical dysfunction; Halperin and Schulz, 2006) , at the level of psychological processes (e.g., inhibitory deficits, Schweitzer et al., 2000; Sonuga-Barke, 2003) , at the level of behavioral expression (e.g., ADHD symptoms, i.e., less attention, less impulse and motor control; Gormley et al., 2015) , and at the level of functioning (i.e., less academic or occupational achievement). This is pivotal because psychological compensation is usually conceptualized at the same level as the deficit, but the outcome is measured at another level. Compensation conceals deficits at another level of measurement. For example, if compensation by the prefrontal cortex is successful, an individual will not show ADHD symptoms anymore, although a deficit in subcortical functions remains (Halperin and Schulz, 2006) . Another example is college students with ADHD: if compensation by study skills is successful there is no influence on grades, although the deficit in terms of ADHD symptoms remains (Gormley et al., 2015) .
The first form of compensation, the investment of more time and effort, is problematic for research designs, because both deficit and effort are required to be measured as two independent variables. If the deficit (e.g., subcortical dysfunction) and the compensation by more effort (e.g., higher activation in the subcortical region) are measured by the same variable (e.g., activation in the subcortical region) it is impossible to draw conclusion about which of both is related to the outcome (e.g., ADHD symptoms). The second form of compensation, the utilization of latent but inactive skills is for instance shown when a student compensates for the ADHD symptoms (deficit) by high motivation (compensation) to avoid academic failure (outcome) (Gormley et al., 2015) . The third form of compensation, the acquisition of new skills, matches the assumption by Halperin and Schulz (2006) that subcortical dysfunctions (deficit) remain across development but are compensated for by the development of the prefrontal cortex (compensation) leading to the recovery from ADHD symptoms (outcome). Another example of the acquisition of new skills is the development of study skills (compensation) by students with ADHD to compensate for their ADHD symptoms (deficit) without displaying any impairment in grades as an outcome (Gormley et al., 2015) . This third form of psychological compensation, the acquisition of new skills, is equal to the effect of therapeutic interventions.
To overcome the difficulty of being precise with regard to which deficit a study about compensation in ADHD is referring to, the first adaptation to the framework is the introduction of the term outcome in order to clarify that the deficit and the outcome cannot be confounded (Figure 1) . To draw sound conclusions, the deficit (independent variable), compensation (independent variable), and the outcome (dependent variable) need to be measured as three distinguishable variables. Outcome is usually measured on a higher level compared to deficit and compensation (Figure 2) . A deficit in one study (e.g., ADHD symptoms) can be the outcome in another study.
Awareness
The second prerequisite states that an individual is aware of the mismatch between his/her skills and the environmental demands; whereas the third prerequisite entails that the person decides to compensate. Only very few studies have asked participants with ADHD about how they actually evaluate their own performance although it would be of greatest importance to investigate whether individuals are aware of their own deficits (Owens et al., 2007) . There are also only few studies asking participants with ADHD for concrete samples of compensation in their daily lives (Gormley et al., 2015) . Furthermore, it is difficult to assess the awareness of the deficit and the conscious decision to compensate in neurobiological or neuropsychological studies.
Therefore, the second adaption is that a person with ADHD might not be aware of the deficit and might not have come to the decision to compensate deliberately. This adaptation seems of particular importance for studies at a neurobiological or psychological process level.
Consequences
Distinguishing adaptive and maladaptive consequences of compensation is pivotal. Psychological compensation can prevent diagnosis of ADHD because it allows individuals to meet environmental demands although they still show deficits. If psychological compensation is adaptive and does not have negative consequences, this is highly desirable and it would be unnecessary to diagnose or treat the individual. However, if psychological compensation is maladaptive, as for example in cases where individuals invest extensive effort and time to meet educational demands and neglect social relationships, it can lead to an accumulation of other comorbid problems in addition to ADHD (Quinn, 2005) . In this case psychological compensation prevents diagnosis, and thereby prevents access to treatment and the opportunity to learn about adaptive compensation.
Although consequences were already part of the original framework, they are of crucial importance for ADHD research. If the consequences are adaptive, the compensatory behavior could be promising for future interventions. However, if the consequences are maladaptive it is important to consider compensatory behaviors when diagnosing ADHD as they could disguise deficits in diagnostic procedures.
IMPLICATIONS FOR STUDIES
Most studies of psychological compensation generate hypotheses instead of testing them. Results from cross-sectional studies comparing samples with and without ADHD not showing any differences or an even better performance in the ADHD sample can generate ideas of psychological compensation. However, to test hypotheses about psychological compensation in ADHD, we need to reveal that the deficit remains and that it really is compensation leading to nonexistent group differences. If compensation is successful, it will hide deficits at the next level (Figure 2) . Therefore, a nonexistent group difference is a necessary but not sufficient condition to infer compensation. In order to draw conclusions about compensation, we need to measure deficit, compensation, and outcome independently and demonstrate that compensation leads to nonexistent group differences. Thus, we need to assess deficit and compensation as two separable independent variables and outcome as the dependent variable. In addition, we need to show that the deficit is stable (within-persons, i.e., comparing persons with ADHD at different points of time or under different conditions, or betweenpersons, i.e., comparing groups with ADHD and remitters) and that the compensation entails equal or better outcome despite the deficit.
Studies of psychological compensation in ADHD usually include only individuals with ADHD related deficits who are not able to meet environmental demands. However, psychological compensation can only be found in individuals with a deficit who are able to meet the environmental demands. Thus, by comparing samples with and without ADHD (as outcome) one will never be able to answer questions about compensation. Instead, compensation in ADHD can either be investigated in between-person designs of samples with the same deficit but various outcomes or longitudinally in within-person designs and naturally or experimentally varying environmental demands.
In summary, for the study of psychological compensation in ADHD we need a clear definition and operationalization of the deficit we are referring to, the compensation and the outcome.
We need to include groups with ADHD that are not able to meet environmental demands, a group with ADHD that is able to meet environmental demands, and a group without ADHD that is capable of meeting environmental demands.
BENEFITS OF STUDYING COMPENSATION IN ADHD
Research on ADHD benefits from studying compensation, because compensation might hide a core deficit of ADHD. As a result, some individuals with ADHD do not receive a diagnosis resulting in underdiagnosis, especially in females (Quinn, 2005; Merkt and Gawrilow, 2014) . Such an underdiagnosis might be particularly detrimental if the consequences of the psychological compensation are maladaptive, as for instance an obsessivecompulsive behavior to meet college demands (Merkt and Gawrilow, 2014) . However, if consequences of psychological compensation are adaptive, knowledge about compensation could foster the development of interventions in ADHD.
